To meet the food-security demands of an increasing global population, crop yields 7 8 must double by 2050 (Ray et al., 2013) . Despite an increase in crop productivity in the 7 9 last few decades, the increased rate is not expected to match the demand, mainly due approach with an emphasis on phenomics, to minimize the genotype-phenotype gap 1 0 7 (Miflin 2000) . The development of a high-resolution, high-throughput diagnostic 1 0 8 screening platform for the study of whole-plant physiological performance that serves 1 0 9 for phenotypic screening might bridge this gap (Moshelion and Altman 2015). Indeed, the number of phenotyping facilities has increased dramatically in the last 1 1 2 decade. Most of these facilities collect information using robotics and automated pushed into the soil to ensure that the medium in the pot was uniformly wetted at the 2 7 2 [ 7 ] end of the free drainage period following each irrigation event. Irrigations were 2 7 3 programmed to run during the night in four consecutive pulses. A 2-h interval was 2 7 4 maintained between the first irrigation pulse and the last three. This irrigation regime irrigation events was intended to provide water to the well-irrigated plants beyond the 2 7 9
water volume at pot capacity. The associated monotonic weight decrease throughout 2 8 0 the day hours was essential for the calculation of the different physiological traits by 2 8 1 the data-analysis algorithms. system; Figure 2B ). The following water-relations kinetics and quantitative physiological traits of the as the sum of daily transpiration for all 36 days of the experiment. The VWC in the 2 9 7 sand medium was calculated by a mass balance between the system weight at pot 2 9 8 capacity when free drainage ceases and its concurrent weight. The estimated plant weight at the beginning of the experiment was calculated as the 3 0 1 difference between the total system weight and the sum of the tare weight of pot + 3 0 2 drainage container, weight of soil at pot capacity, and weight of water in the drainage 3 0 3 container at the end of the free drainage. The plant weight at the end of a growth 3 0 4 period (calculated plant weight) was calculated as the sum of the initial plant weight 3 0 5 and the multiplication of the cumulative transpiration during the period by the WUE. The latter, determined as the ratio between the daily weight gain and the daily 3 0 7 transpiration during that day, was calculated automatically on a daily basis by the 3 0 8 SPAC-analytics software. Note that the WUE approached a constant value during the 3 0 9 pretreatment period.
The plant's recovery from drought was described by the rate at which the plant gained 3 1 2 weight following resumption of irrigation (recovery stage). The physiological trait ratio between the slope of the daily transpiration increase during the recovery phase period (stress degree). The slopes were calculated using a linear regression. The night water reabsorption trait was determined as the difference in system weight 3 1 9
between the end of the last and first irrigations of a given irrigation event (i.e. single 3 2 0 night), representing the water absorbed by the plant during the very short period when 3 2 1 transpiration is practically negligible. This calculation is based on the fact that the
drainage of surplus water in sand is rapid and pot capacity is reached prior to the 3 2 3 subsequent irrigation (Supplementary Figure 2) . We considered the plants' short-term 3 2 4
water reabsorption capability during the recovery stage to be an additional 3 2 5 physiological trait representing the plant's resilience to drought. Note that the water 3 2 6 reabsorption by the plant during the night hours was normalized to its weight. The recovery stage lasted 6 days, after which the experiment was stopped. As pepper 3 2 9
is an indeterminate plant, it did not reach its full yield capacity. Consequently, the 3 3 0 experiment was terminated at this stage as the treatment conducted to that point had a between the day of shoot harvest at 0400 h (at the end of the last irrigation) and the 3 3 5
following day at the same time. The fruit were collected from the harvested shoot and counted. The fruit and shoots (without fruit) were weighed when a constant weight 3 3 7
had been reached during drying in a hot air oven at 60°C. The roots were collected 3 3 8 from the pots, washed thoroughly to remove the sand particles, and dried in a hot air 3 3 9
oven at 60°C until no further reduction in weight was measured, and finally weighed. The total dry plant weight is the sum of dry shoot weight, dry root weight and dry 3 4 1 fruit weight. drought phase and a successive recovery period ( Figure 2B ). Daily transpiration increased gradually for all six groups during the well-irrigated 3 5 8 period (pretreatment; Figure 3A ). Conversely, daily transpiration and VWC in the pot
plants experienced a significantly lower midday (between 1200 and 1400 h) under full irrigation ( Figure 3E ). Under ample irrigation, the ICL-NewFo1-treated 3 7 5
plants had a significantly higher transpiration rate than the control plants, and a 3 7 6 similar reduction in transpiration rate under drought ( Figure 3E ). Transpiration was normalized to biomass by using the calculated plant weight for the 3 8 0 entire experimental period (36 days) for all six groups ( Figure 4A ). The rate of plant 3 8 1 weight gain during the well-irrigated period (pretreatment) was similar for all six 3 8 2 groups, and decreased during the drought period for the three drought-stressed groups.
3 8 3
The rate of weight gain for the latter groups began to increase again during the 3 8 4 recovery period ( Figure 4A ). Nevertheless, the higher rate of weight gain for the ICL- to its value for untreated controls. Here again, the ICL-SW-treated plants showed rate, Figure 3E ). The higher measured transpiration rates ( Figure 3E ) and higher dry WUE. However, this improvement (increase of ~18% for ICL-SW-treated and ~14% 3 9 8
for ICL-NewFo1-treated plants) was not significant (P-value for ICL-SW was 0.067 3 9 9
and for ICL-NewFo1, 0.16; Figure 4E ). The two considered traits for an estimation of the plants' recovery from drought stress, water that was lost during the day; see Supplementary Figure 2 ) for the pretreatment Nevertheless, at this stage, fruit set in all groups was assumed to reflect the treatment, 4 2 5
as seen in the distribution of the three different fruit sizes (small, medium and 4 2 6 commercial) ( Supplementary Figure 3) . For the well-irrigated plants, 33% of the for all six groups and correlated to cumulative daily transpiration ( Figure 6 ). ICL-SW relative to their well-irrigated condition ( Figure 6A ). As similar results were observed 4 3 3
for the transpiration rate of these treated plants ( Figure 3E) , we calculated the 4 3 4
correlation between total fruit number and cumulative daily transpiration. The subjected to drought ( Figure 6B ). approach would be to screen biostimulants for their mode of action from "field to 4 5 4 greenhouse", the "greenhouse-to-field" approach is not only time-and cost-effective tested in this study, may contribute to this goal. farmers' growing facilities (see Figure 2A ). The spaces between the pots were kept to 4 7 3 a minimum to mimic commercial growth conditions. 4 7 4 4 7 5
(ii) Using a truly randomized experimental design to mimic the biological variability, 4 7 6
as well as the spatial and temporal variability in ambient conditions in the growth 4 7 7
facility. Here, we used a randomized experimental design with one-to-one (1:1) plant-4 7 8
[sensors+controller] units which enabled running an independent feedback irrigation 4 7 9
scenario for every plant (Figure 1, Supplementary Figure 1 ). Each controller was 4 8 0 associated with a dual-valve system that allowed creating a specific combination of plant's profile to its own profile in the different phases ( Figure 3A) as well as to all differences between the treatments became significant (Figures 3 D,E) . In this study, we show that the HFPS might be an efficient diagnostic tool for a better scenarios. In this pursuit, we used biostimulants as a test case due to their reported 5 1 9
impact on the plant stress response (Van Oosten et al., 2017) . Nevertheless,
must assume its broadest definition. Resilience is commonly used to represent 5 7 2 resistance, or recovery, or both (Hodgson et al., 2015) . Plant stress resilience indicates 5 7 3 plant survival and productivity after stress. In this study, we introduced two functional 5 7 4 traits to quantify resilience: (i) transpiration recovery rate after stress (return of 5 7 5 irrigation) and (ii) the plant's ability to reabsorb water at night during recovery from 5 7 6
drought. We found that while the biostimulants did not affect the transpiration 5 7 7 recovery rate, they did increase the nighttime water reabsorption ability of both the 5C,E). This phenomenon can be explained by the positive impact on the fresh 5 8 0 biomass ( Figure 4A) , as normalizing the water reabsorption volume to the plant the non-treated control (Figures 5E,F) . The difference between the water reabsorption reabsorption trait can be used as a tool to estimate tissue damage due to stress. A comparison of the effects of two biostimulants on drought tolerance using a HFPS 5 9 0 revealed known and new relationships between physiological traits. The two studied biomass gain compared to control plants. However, only ICL-SW improved fruit 5 9 3 number ( Figure 6A ) under ample irrigation, which was significantly reduced when the 5 9 4 plants were exposed to drought. This might be explained by the shift in resource given in Figure 7 . The behavior can be explained in terms of risk-taking and non-risk- subjected to the drought-recovery scenario. Green -ICL-SW-treated plants, orange -
ICL-NewFo1-treated plants, blue -control (no biostimulants) plants. Note that all pot 7 7 1 surfaces were covered to reduce evaporation, and irrigation was injected into the soil 7 7 2 via multi-outlet drippers to ensure even distribution of fertigation and biostimulants 7 7 3 (see Supplementary Figure 1 ). plants were well irrigated; from day 13, half of the plants were exposed to differential 7 8 7 drought to reach a similar degree of stress, while the other half continued to be well- 
